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Abstract
In order to utilise naturally stored heat or cold from the ground, seasonal temperature variations are required. The 
reason is that the ground temperature is then warmer than the air temperature during winter and colder during 
summer. The heating and cooling demand in North Africa varies considerably with the greatest cooling demand in 
the East and the greatest heating demand in the West. In parts of Algeria the mean temperature difference between 
the coldest and warmest month is greater than 20°C, which is favourable. In current work it was shown that the 
ancient Fouggara system, even today would be interesting for heating and cooling of buildings in the Sahara desert. 
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1. Introduction
The development of sustainable buildings partly means to minimize required energy for heating in the 
winter and cooling in the summer. Increased thermal insulation and air tightness of the envelope reduce 
heat losses. However, the renewal of air is necessary to maintain good air quality. Air is also used to 
distribute heating and cooling to the building. Therefore, improving thermal performance of buildings 
require the control of air exchange. 
 
The ventilation solutions in sustainable buildings provide better control of the air flow, both hygienic and 
thermal. [1] 
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In this context, we attempt to determine the energy needs for heating and cooling for a building to 
maintain an indoor temperature between 18°C and 25°C.   
 
The estimated annual fuel consumption, defines required storage volume of fuel or propane gas.  For this, 
several parameters are useful:   
x Heat losses from building (kW) 
x Number of degree days DD 
x Annual distribution of energy consumption  
x Uncontrolled losses   
 
The heating and cooling demand of any building also depends on its location. In this study the site is in 
the Adrar region in Algeria. 
Objectives
The objective of current study was to investigate the feasibility of the ancient Fouggara system for 
heating, cooling and ventilation. The heating cooling demand of a building in Adrar, Algeria, was 
estimated and the function of the Fouggara was based in real operation data from a Fouggara in the 
Sahara desert.  
2. Geographical characteristics
Adrar is located in south-west of Algeria (Fig.1), 1600 km from Algiers, with latitude of 27.81°, a 
longitude of -0.18° and an altitude of 279 m. It is characterized very hot and dry summers up to ~50oC 
and cold winters down to ~0oC (Fig.2a and Fig.2b).  
 
It is difficult to define the building comfort. Thermal comfort is therefore a function of the building is 
used and the ambient temperature. The width of ‘comfort zone’ depends on the balance between both 
parameters.  
 
 
The relationship between comfort temperature and the outdoor temperature is used to design comfortable 
buildings (Fig.2). Here the indoor comfort temperature (Tc) is calculated from the outdoor temperature 
mean (Tm) and plotted on a monthly basis together with the monthly mean of the daily maximum (Tmax), 
minimum (Tmin) and mean outdoor temperature (Tm). [3] 
Fig.1: Situation of Adrar site [2] Fig.2 : Monthly temperatures variations  
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Through these results we can see that the Adrar site is characterized by an air temperature ranging from -
0.5°C to 47°C. This climate means a long cooling period of 8 months and the 2-3 months heating.  
 
Figure 2 helps the designer to judge whether passive heating and/or cooling is possible. The relationship 
between the comfort temperature and the range of outdoor temperatures shows whether, for instance, 
night cooling is likely to be viable in keeping the building comfortable in summer and if passive solar 
heating will be sufficient in the winter, see Roaf et al, [4]  
 
The heating and cooling demand in northern Africa varies considerably in the different countries. The 
greatest cooling demand is to the East and in the Sahara desert, while the greatest heating demand is in 
the North West. In Algeria the heating demand is greater than the cooling demand.  
 
Since the comfort temperature is based on monthly mean air temperature it is not affected by diurnal 
temperature variations. The indoor temperature variations are fundamental for the occupants comfort 
since the variations are essential for the energy demand and to maintain comfort.  
 
Based in results presented in Fig.2a and Fig.2b, the heating and cooling DD were calculated, table 1. 
 
Table 1: Monthly degree days variation (DD) 
 
Month Tc
Ambient 
average 
temperatures
DDh for heating DDc for cooling
January 20,2 12.4 -241.8 
 
February 22,1 16 -172 
March 24 19.4 -142 
April 26,2 23.6 -80 
May 28,7 28.1 -17.8 
June 31,7 33.6 
 
58.7 
July 33 36 95 
August 33 35.4 86.3 
September 30,6 31.6 31.1 
October 27 25 -62 
 November 23,3 18.2 -153.8 
December 20,5 12.9 -234,5 
 
Table 1 gives that the Adrar site requires heating during October to May, with the total heating degree 
days DDh = 1102. Cooling is needed from June to September based on comfort temperature as the base 
temperature. The total number of cooling degree days is DDc = 271.  
3. Building
The studied building is part of URER (Renewable Energy Research Unit) in Adrar. A plan drawing of the 
building is shown in Fig.3. It is seen that the livable surface is of 165m2 and the livable volume Vh = 448 
m3. The volumetric heat loss coefficient G, which characterizes the building’s thermal quality, considers 
the thickness of the walls, materials used and the number of openings (Table.2), [5] 
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Table 2: Total thermal losses from building 
Walls Windows Floor Roofing Total losses
Lounge
K 3.5 5.8 4 4
S (surface) 62.1 6.8 35 35
KS 217.3 39.5 140 140 536.4
Hall S 36.4 11.2 20 20KS 127.4 65 80 80 352.4
Room 1 S 52 4 25 25KS 182 23.2 100 100 405.2
Room 2 S 50.2 5.9 25 25
KS 175.7 34.2 100 100 410
Kitchen S 52.9 8.7 30 30
KS 185.1 50.5 120 120 475.7
Passageway S 52.4 32 15 15
KS 183.4 185.6 60 60 489
Bathroom S 31 4.2 15 15
KS 108.5 24.4 60 60 253
TOTAL 2922
 
 
Then the total sum of losses (for ∆T=1°C) of the test building is P = 2922 W/°C, see table 2.   The 
volumetric heat loss coefficient G is given by  
)/(52.6 3 CmW
V
PG
h
q   
Fig.3: Plan drawing of building 
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and the volumetric heat loss is then given by 
 
)kWh(1000/DD24VGC h   
 
The total energy requirements for heating and cooling of the test building are given below. 
 
x Annual requirements for heating for a comfort temperature, October to May :  
DDh = 1102; where C = 7.7 MWh. 
 
x Annual requirements for cooling for a calculated comfort temperature Tc, June to September:  
  DDc = 271; where C = 1.9 MWh. 
4. Heating and cooling by using the ground 
Depending on weather, time of day and season, outside air undergoes great variations of temperature and 
humidity. In contrast, the ground temperature at 10-15 meters below the ground surface is constantly at 
annual mean air temperature. The air-ground exchanger also called Canadian well or wells Provence - 
takes advantage of this inertia by contacting the outside air heat with the ground. Its primary purpose is 
the pre-conditioning of heat and humidity of ventilation air in buildings.  
 
Specifically, the air-ground heat exchanger consists of tubes buried a few meters under the ground, near 
or directly under the building to ventilate. The air from the outside, moved by a ventilator, runs through 
the tubes before being blown into the building (Fig.4).  
 
During the passage through the ground tubes, the air flow exchanges heat with the ground and can also 
deposit some water be condensation into the tubes. The ground-air heat exchanger thus reduces thermal 
variations and air humidity, which corresponds to pre-conditioned air. This system uses very little driving 
energy, so, it is almost passive. 
 
 
 
 
 
Air-ground exchangers are available on the market. The performance of this type of integrated equipment 
is benign for sustainable building development. 
 
The Canadian will-pipe system was chosen as the ventilation system of reference for this study. However, 
several studies address the technology of air-ground heat exchangers, either as a main subject 
[Mihalakakou et al. 1995[6] et [25]; Benkert et al. 1997[7]; Bojić et al. 1997[8]; Benkert and Heidt 
2000[9]; Kunetz and Lefebvre 2001[10]; Hollmuller 2002[11]; Gehlin 2002[12]; De Paepe and Janssens 
2003[13]; Dibowski 2003[14], Zweifel 2004[15]; Al Ajmi et al. 2005[16]; Dibowski 2005a[17], 
2005b[18]; Ghosal and Tiwari 2006[19]; Badescu 2007[20] and [21], or as a specific study on cooling of 
buildings.  
Fig.4: Simplified diagram of a Canadian well-pipe 
(Example of operation preheating) 
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Fig.5b: Vertical section along the Fouggara. [28] 
Such systems are used for cooling of buildings and industrial applications e.g. greenhouses (Gauthier et 
al. 1997[22]; Hollmuller and Lachal 2001[23], Ghosal and Tiwari op. cit. [19]). 
5. Fouggara: An ancient system for underground transport of water
The Fouggara is known under various names; “Kariz” in Afghanistan, “Qanat” in Iran, “Fouggara” in 
Algeria and “Khettara” in Morocco. The water flow through the Fouggara is gravity driven. At the mouth 
of the underground channels it reaches the surface where it is used for irrigation and as drinking water, 
see Fig.5a.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This Fouggara technique is very old and was first used in Iran. It was introduced in Algeria by Arabs at 
the time of their conquests of Algeria. This technique was adopted by farmers of the area for the 
following reasons:  
 
x The construction of the Fouggara (Khettara) does not require a financial expenditure, but simply 
an effort of work.  
x Underground transportation of water minimises the water loss due to evaporation and prevents 
the accumulation of the sediment caused by sandstorms. [26] 
5.1. Characteristics 
The Fouggara is made up of:  
x The source where the water seeps into the channel from a ground water source, 
x An underground channel which brings the water to its intended destination, 
x An over ground channel which leads to a network of channels feeding the water to particular 
areas or fields for irrigation. 
Fig.5a: Outline of the Fouggara principle. [27] 
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It is characterised by;  
 
x The length of Fouggara varies from a few hundred meters to tens of kilometres.  
x The Fouggara is gravity driven as the water source is situated at a higher elevation then the area 
to be irrigated. 
x The underground channel is wide enough to allow the clearing out and cleaning by hand. 
x The depth of the shaft at the source varies from 10 to 25 meters. 
x The distance between two consecutive shafts depends in the stability of the terrain and varies 
between 10 and 15 meters. 
x The water flow rate varies from 0.002 to 0.020 m3/s 
x It is located at a depth where the temperature is constantly at annual mean air temperature (i.e. 
21oC in Adrar). 
 
In Algeria the Fouggara is extended over 56000 ha in Naama and in Adrar there are 900 Fouggaras. 
Today, the land area irrigated by Fouggaras is estimated at 8500 ha though 1/3 of them are in operation. 
(Fig.6). [24] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The existing Fouggaras, active or inactive, means available underground duct systems that could be used 
as a source for heating and cooling. In the remote Saharan villages of the Saharan people (Fig.7), which 
lack resources for expensive drilling, available Fouggaras offer an inexpensive alternative. Such a system 
would be made simply by pumping air through the Fouggara and conducting this air to the air conditioned 
building. The ambient air then approaches the temperature of the ground (~21°C) during the passage 
through the ground before used for ventilation, heating, and cooling of buildings (Fig.8). 
 
 
 
 
 
 
Fig.6: Many wells represent the Fouggara 
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The suggested Fouggara air conditioning system, for cooling in the summer and heating in the winter, of 
the URER test house consists of: 
 
x One room characterized by a volume of 70 m3 
x A pipe system connected to an air convector  
x A pump with an air flow rate of 0.02 m3/h from the Fouggara. 
Fig.7: Fouggara in Adrar. 
Fig.8 : The ground-air conditioning system. system 
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Fig.9 shows the ambient temperature and the air conditioned indoor temperatures during the year, give 
that the difference between the ambient and indoor temperatures in Adrar is approximately ±20°C. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6. Conclusion
The aim was to study the ancient Fouggara system and investigate its possible use as a source for heating, 
cooling and ventilation of buildings.  
The annual energy cooling demand of the test building situated in Adrar gave: 
 
x Heating demand for comfort temperature,  
- October to May: DDh = 1102; where C = 7.7 MWh. 
x Cooling demand for comfort temperature,  
- June to September: DDc = 271; where C = 1.9 MWh. 
 
The Fouggara consists of:  
x The source where the water seeps into the channel from a ground water source, 
x An underground channel which brings the water to its intended destination, 
x An over ground channel which leads to a network of channels feeding the water to particular 
areas or fields for irrigation. 
 
Since the Fouggara is at a depth below ground surface where the seasonal temperature changes do not 
reach, the Fouggara temperature is close to the annual mean air temperature. In Adrar in the south of 
Algeria the mean annual temperature is 21oC. Pumping air through the Fouggara means that the air 
temperature will approach this temperature.  
 
x This novel idea of using an ancient construction as a source for heating, cooling and ventilation 
has not yet been tested.  
x It would be attractive to realize such a test on the test building in Adrar.  
x However, before performing such test, simulations of how the operation affects the air and 
ground temperatures should be made.  
Fig.9: Ambient and Indoor temperature variation 
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